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Introduction 



The existing and upcoming radioactive ion 
beam (RIB) facilities lead a way in exploring 
the role of isospin degree of freedom in both 
nuclear physics and astrophysics. The ulti- 
mate goal of such studies is to extract informa- 
tion on the isospin dependence of in-medium 
nuclear effective interactions as well as equa- 
tion of state (EOS) of isospin asymmetric nu- 
clear matter. The later quantity especially the 
symmetry energy term is important for both 
nuclear physics and astrophysics community. 
Heavy-ion collisions induced by neutron rich 
beams provide unique opportunities to investi- 
gate the isospin-dependent properties of asym- 
metric nuclear matter, particularly the density 
dependence of symmetry energy [l[ . Experi- 
mentally symmetry energy is not a directly 
measurable quantity and has to be extracted 
from observablcs related to symmetry energy. 
It has also been shown in ref jlljQ that the col- 
lective transverse in-plane flow and its disap- 
pearance is sensitive to the various isospin ef- 
fect like Coulomb repulsion, symmetry energy, 
isospin dependence of cross section and there 
is a complex interplay among above mentioned 
reaction mechanisms. In refs. 0,13 j it was 
also shown that the Coulomb repulsion domi- 
nates over the symmetry energy in isospin ef- 
fects on collective flow. Sood Q studied the 
disappearance of flow i.e. balance energy Ei^ai 
for isotopic series of Ca with N/Z varying from 
1 to 2 i.e. 4°Ca Ca to ^°Ca -f Ca and 
found that N/Z dependence oiE^ai is sensitive 



not only to symmetry energy but its density 
dependence as well. Here we aim to explore 
the effect of isospin dependence of cross sec- 
tion on symmetric and neutron rich system. 
We also aim to explore whether the analysis 
is affactcd if one discusses in terms of " E^ai as 
a function of N/Z or N/A" of the system. 



Results and Discussion 

Using IQMD model ^ we have simu- 
lated several thousand events at incident en- 
ergies around balance energy in small steps of 
10 MeV/nuclcon for each isotopic system of 
Ca-|-Ca having N/Z (N/A) varying from 1.0 
to 2.0 (0.5-0.67) for the semicentral colliding 
geometry range of 0.2 - 0.4. For the transverse 
flow, we use the quantity " directed transverse 
momentum (pf"^)" which is defined as [1] 



1 ^ 



(1) 



where y{i) is the rapidity and PxO) is the mo- 
mentum of J*'' particle. The rapidity is defined 



^' 2 E(*)-p,(0' 



(2) 
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where E(i) and Pz{i) are, respectively, the en- 
ergy and longitudinal momentum of z*'' parti- 
cle. In fig. 1(a) we display the Ebai as a func- 
tion of N/Z of the system. Solid green circles 
represent the calculated T^bai- Lines are the 
linear fit to Ef,ai. We see that Ebai follows a 
linear behavior oc m*N/Z. As the N/Z of the 
system increases, the mass of the system in- 
creases due to addition of neutron content. In 



2 



addition, the effect of symmetry energy also 
increases with increase in N/Z. To check the 
relative contribution of increase in mass with 
N/Z and symmetry energy towards the N/Z 
dependence of Ebai, we make the strength of 
symmetry energy zero and calculate Ef,ai ■ The 
results are displayed by open circles in fig. 
1(a). Fibai again follows a linear behavior oc 
m*N/Z. However, E^ai decreases very slightly 
with increase in N/Z, whereas when we in- 
clude the symmetry energy also in our calcula- 
tions then the | m | increases by 3 times which 
shows that N/Z dependence of Ebai is highly 
sensitive to the symmetry energy. To explore 
the effect of isospin dependence of cross sec- 
tion (i.e. fT„p = StTrm ~ 3crpp), we switch 
off the symmetry energy and also make the 
cross section isospin independent (i.e. cr„p = 
Gnn and calculate ^bai for two extreme N/Z. 
The results are displayed in fig. 1(a) by open 
squares. Again 'Ei^ai follows a linear behav- 
ior. We see that the ^bai for both '"'Ca + 
^°Ca and ^°Ca -|- ^°Ca increases as expected. 
However, the increase in E&a; for system with 
N/Z = 1 is more as compared to the sys- 
tem with N/Z = 2. This is because with in- 
crease in N/Z the neutron number increases 
due to which neutron-neutron and neutron- 
proton collisions pairs increase. However, the 
increase in number of neutron-neutron col- 
lision pairs is much larger as compared to 
neutron-proton collision pairs. Therefore, the 
possibility of neutron-proton collision is much 
less in system with N/Z = 2. Therefore the 
effect of isospin dependence of cross section 
decreases with increase in N/Z. 

In fig. 1(b), we display the '&bai as a func- 
tion of N/A of the system. Symbols have same 
meaning as in fig. 1(a). Again Ebai follows a 
linear behaviour with m = -191 and -68, re- 
spectively, for Fi (u) and F4 where Fi (u) 
represents symmetry energy oc ^ and F4 rep- 
resent calculations without symmetry energy. 



However, the percentage difference AEbai % 
(where AEbai % 



-E, 



— ) is same (about 

65%) in both the figs. 1(a) and 1(b) which 
shows that the effect of symmetry energy is 
on N/Z dependence of Ebai is same whether 
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FIG. 1: Ebai as a function of N/Z (upper panel) 
and N/A (lower panel) of system for Eaym oc 
Fi{u) and F4. Lines are linear fit proportional 
to m. Various symbols are explained in the text. 



we discuss in terms of N/Z or N/A. 
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